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Record  high  hole  concentrations  using  C-doping  in  InGaAs  lattice  matched  to  InP 
were  achieved  via  atmospheric  pressure  organometall ic  vapor  phase  epitaxy.  When 
annealing  in  the  presence  of  atomic  hydrogen,  it  was  demonstrated  for  the  first 
time  that  no  hole  passivation  occurs  unless  a  large  quantity  of  broken  bonds 
exist  in  the  crystal.  A  combination  of  dopant  solubility  studies  and  diffusion 
studies  in  InP  and  InGaAs  have  been  used  to  determine  that  the  Fermi  energy  is 
pinned  approximately  0.35eV  below  midgap  during  growth  of  InP,  and  is  essentially 
unpinned  during  the  growth  of  InGaAs  lattice  matched  to  InP. 
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FINAL  REPORT 


Statement  of  Problem:  To  study  and  to  understand  the  diffusion  and  incorporation  of  dopants  in 
InP  and  InGaAs.  This  work  addresses  key  problems  appearing  in  practical  applications  including 

(1)  the  substantial  carrier  passivation  which  occurs  in  heavily  p-type  material  when  atomic 
hydrogen  is  present,  and  (2)  the  difficulty  in  predicting  the  dopant  concentration  profiles 
incorporated  during  growth  as  a  function  of  the  ambient  parameters,  and  their  widely 
irreproducible  variations  in  the  rates  of  impurity  diffusion  during  high  temperature  processing. 

Key  results: 

(1-a)  Carrier  passivation.  We  have  demonstrated  that  the  passivation  of  holes  by  atomic  hydrogen 
in  InGaAs  only  occurs  when  the  crystal  has  been  damaged.  When  a  high  density  of  dangling 
bonds  were  created,  we  showed  that  hydrogen  readily  donated  an  electron  and  reduced  the  hole 
concentration  by  more  than  an  order  of  magnitude.  Passivation  was  fully  reversible,  i.e.,  high 
hole  concentrations  were  recoverable  when  annealing  in  a  hydrogen-free  ambient.  However, 
without  dangling  bonds  present,  no  passivation  of  high  hole  concentrations  occurred  in  ambients 
rich  in  atomic  hydrogen. 

(1-b)  High  hole  concentration.  Record  high  hole  concentrations  of  9xl019  cm-3  from  C-doping  in 
Ino.53Gao.47As  were  achieved  via  atmospheric  pressure  organometallic  vapor  phase  epitaxy. 

(1-c)  Heterojunction  bipolar  transistors  (HBTs).  One  set  of  HBTs  were  fabricated  with  a  simple  3 
mask  process,  and  DC  betas  of  2-20  were  measured.  These  demonstrated  that  a  C-doped  base  is 
practical.  In  contrast,  similar  structures  grown  with  Zn  in  the  base  exhibited  no  transistor  action. 
SIMS  showed  that  Zn  diffusion  increased  greatly  during  the  growth  of  the  n-type  emitter  layer,  and 
no  solution  was  found  to  reduce  the  Zn  diffusion  out  of  the  base. 

(2)  Prediction  and  control  of  dopant  concentration  profiles.  SIMS  studies  at  ARL  provided  data 
which  allowed  us  to  show  that  the  Fermi  energy  is  pinned  on  the  InP  surface  at  typical  processing 
temperatures,  and  to  determine  that  it  was  pinned  approximately  350  meV  below  the  intrinsic  Fermi 
energy.  Similar  studies  showed  that  there  was  essentially  no  pinning  at  an  Ino.53Gao.47As  surface. 
Insufficient  SIMS  data  was  obtained  from  ARL  to  analyze  the  effect  of  processing  variables  on  the 
diffusion  rates  of  Zn,  Te,  C,  or  Fe  out  of  substrates. 
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